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The COMAP Mathematical Contest in Modeling
●

●

“COMAP, the Consortium for Mathematics and Its Applications, is an
award-winning non-proﬁt organization whose mission is to improve
mathematics education for students of all ages. Since 1980, COMAP has
worked with teachers, students, and business people to create learning
environments where mathematics is used to investigate and model real issues
in our world.”
“COMAP has developed contest opportunities for students … that give…
challenges to solve real world math problems, and get recognition for
it-sometimes on an international stage. In addition, such contests provide
excellent opportunities to develop interpersonal skills through teamwork and
provide successful team members with an impressive resume credential.”

Problem B: Fighting Wildﬁres
●

We were given three modeling problems to choose from
○
○
○

●

A: Fungi - Model the breakdown of forest material via the activity of fungi
B: Fighting Wildﬁres - Determine the optimal number of drones needed to combat wildﬁres
C: Conﬁrming the Buzz Around Hornets - Track and model the spread of Asian giant hornets

We chose Problem B, due to recency and relation to the Oregon ﬁres we
experienced as a thought experiment in how we could have combated it with
the use of drone technology.

Problem

●
●

These wildﬁres were one of the most catastrophic, “in modern history” and
could have been reduced with drone technology
There were four tasks that we had to complete for this math modeling contest
○
○
○
○

Create a model to determine the number of drones needed to cover the area of Victoria for the
new proposed division, Rapid Bushﬁre Response, while keeping in mind budget and safety
Make sure the model also incorporates ﬁre events size and how it changes to the frequency of
ﬁres over the next decade
Optimize drone locations for ﬁres of diﬀerent sizes and diﬀerent terrains in Eastern Victoria
(ranges from sea level to mountains)
Prepare an annotated budget request that is supported by our models
to the Victoria State Government

Drones most suited for the job
●

WileE-15.2X hybrid drones
○
○
○
○

●

Flight range of 30km (18.6411 miles)
Maximum Speed of 20m/s (2.2 miles/hour)
Maximum ﬂight time of just under 3 hours
Under 2 hour battery recharge rate

Come in two types of models
○
○

Radio Repeater drones to extend range of radio signals
Video drones with thermal technology to see through aﬀected areas

Why are Drones important?
●

Drones allow for the ability to:
○
○

○
○

Survey an area before entry, allowing ﬁreﬁghters to determine the risk and the supplies needed
to most eﬀectively combat the ﬁres, gives additional situational awareness
Have eﬀective communication between the ﬁreﬁghters and the Emergency Operations Center
(EOC)
■ Drones extend the range of the two way radios used by the “boots on the ground”
forward team
■ Can immediately notify EOC of rapid changes that need to be relayed to other forward
teams and can allow EOC to send backup if needed
■ Could reduce possible weight carried by teams if a ﬁreﬁghter is assigned to carry a
transceiver
Reduce the risk of getting cut oﬀ from the rest of the team and be in a potentially
life-threatening situation
Thermal imaging in the drones also allows for underground ﬁres to be found and dealt with,
reducing the risk of ﬁres restarting

Australia- Victoria
●
●
●
●
●

Victoria is the sixth largest territory state located in the south east of Australia
It has a population of over 6.6 million
Covers over 87,000 Square miles
It’s capital is Melbourne
Over 17% of the area in Victoria is protected, with around 11% of it being
national parks

●

During the 2020 Wildﬁres, all species had lost at least 30% of their habitat

●

An estimated 1.25 billion animals died as a result of the wildﬁres
that aﬀected both Victoria and New South Wales
33 people died, including 9 ﬁreﬁghters

●

Damage
●
●
●
●

●

In Victoria, an estimated three hundred homes were lost
Around 67,000 people had to ﬂee their homes
4 million acres in Victoria were lost in the ﬁre, to compare, the state of
Connecticut is around 3.5 million acres
In the country as a whole, 46 million acres were lost, which is a little bigger
than the state of Washington, at 45.6 million acres (more than the 2019
Amazon ﬁres and 2018 California wildﬁres combined)
The ﬁres killed or displaced nearly 3 billion animals across Australia

Recovery
●
●

Fires lasted from June 2019 to march 2020, they are still recovering
It is estimated that the cost of repairing the damage in Victoria alone will cost
well over ﬁve hundred million australian dollars (about 386 million US dollars)

Solution

Model
●
●
●
●
●

Created using Javascript
Made open ended to incorporate other locations, not just what was mentioned
in the project
Takes into account types of drones as well as quantity needed to cover an
area
Can calculate the recommended spread of drones for optimal coverage of an
aﬀected area.
Calculates the cost of the drones needed to achieve the coverage
recommended.

Model Walkthrough

Calculate the area needed to cover
➔

We input the area of the location we want to cover in this case, Victoria in
Australia which is 141327.76km2 to get a recommendation on how many drones
are needed to optimally cover the area.

➔

➔

We get an output of 4,700.93 Drones recommended to cover the entire area
of Victoria
*Note that this is the recommended number of one set of drones.

Find the total number of Drones that would need to be
purchased.
➔
➔

Next we input the total number of sets of drones we would want to purchase.

➔

Our output gives us the total number of recommended drones for purchase
taking into account the types of drones as well as backups in case of
emergency failure of one of the drones or to use when one needs to be
charged but a drone is still needed

Calculate the price of all the drones you want to purchase
➔

In this step we are going to see how much all the drones will cost, in the
example given we will be doing the calculations in Australian dollars (AUD)

➔
➔

With the proposed six sets of drones each costing $10,000 AUD a piece we get a
proposed total of $282,655,520 AUD

Calculate the placement for drones in the event of a ﬁre
➔

In this Final step we are going to calculate the optimal placement for repeater
drones to hover in order to keep a strong radio signal for units on the ground.

➔
➔

With this ﬁre size we get a result of 33.3 drones recommended placed every
square 15 kilometers to ensure a stable connection and signal in every
environment.

How the model can be applied elsewhere.
➔

➔
➔

Our model is capable of more than just one area of operation , it is ﬂexible
enough to calculate how many drones are needed to cover a ﬁre of diﬀerent
sizes, diﬀerent locations.
Using the same model with a modiﬁcation to calculate using the imperial
system rather than metric we can do just that.
Take for example the state of Oregon.

Example with Oregon
➔
➔

➔

➔

Similar to our ﬁrst step we input the area of Oregon which is 98,466mi2, we get
a result of 5282 drones needed to cover the entire area of Oregon.
After that we again enter the number of sets of drones we want, for this case
we will go with six again, giving us a estimation of 31,693 drones to be
purchased.
To calculate the cost of these drones we will convert the $10,000 AUD to
around $7,777.77 USD for one drone making the total cost an estimated
$246,502,374.05 USD
If we take for example the recent ﬁres that occurred here throughout Oregon
that raged over 1,900 square miles we would get an estimated 205 drones
needed to cover that event, one being placed every 10 square miles.

Budget

Annotated Budget Request:
●

A budget request is a business letter seeking funds for costs, expenses, and/or
operating overhead for a project or department within an organization. An
annotated budget request provides a justiﬁcation or rationale for each
requested item.
Drone Cost Breakdown
SSA Drones (3 Sets)

$141,327,761.00

Radio Repeater Drones (3 Sets)

$141,327,761.00

Replacement Drone Batteries (for all drones)

$17,015,530.00

Battery Chargers (For Current and Replacement Batteries)

$2,053,923.00

Total Cost:

$301,724,975

Additional costs associated:
●

Additional costs associated with the drone program include
○
○
○

Drone housing locations
Utilities needed to keep them powered and operational
Personnel to operate and maintain drones

Annotated Budget Request:
Drones need a place where they can be stored and charge during a Natural
disaster.
Outpost Operating Cost Breakdown
Building Maintenance Cost (Victoria Wide Outposts)

$28,265,400.00

Utilities (Electricity, Plumbing, etc. per building)

$15,121.24

Operator Wages (Per Ranger Yearly Salary)

$70,114.00

Drone Technician (Each Outpost has one technician yearly salary) $56,320.00
Total Cost:

$28,406,955.24

Conclusion

Is our project feasible? Should we do it?
●

Looking at Victoria's budget, it can be seen that they are planning to spend
19.6 billion on infrastructure
○
○
○

●
●

●

2 billion to help industries
836 million to rehire staﬀ and create new jobs
1.6 billion on clean energy

Technology is always evolving, software and actual new drone designs and
hardware that is more eﬀective may come out
Environment wise, with global warming, there may be bigger and more
catastrophic natural disasters in the future. We propose using a much smaller
ﬂeet of drones and testing the eﬀectiveness for two years, and if it seems to
work well, to invest in the proposed number of drones.
Could do slash and burns in areas that are most susceptible to wildﬁres in the
future, as a preventative practice

What we could have improved on:
●

Detail of model
○

●
●

Making it more complex to allow for more parameters to be taken into account

Actually have proposed a smaller ﬂeet of drones as a test run, and presented a
budget on that, as well as the budget that we submitted
Have a conclusion in the actual project
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